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Summary.-Inhibitors of natural killer (NK) cell activity in cell-culture super-
natants, believed to be antigens recognized by NK cells, were defined by their ability
to inhibit NK cells in 51Cr-release cytotoxic assays. Supernatants from cultures of
melanoma cells and Chang cells were used as the source of the antigen. Partial
characterization by a number of sequential separation procedures suggested that the
antigens were glycoproteins in the size range 120-140,000 daltons which had affinity
for both concanavalin A and wheat germ lectin. Inhibitory activity was destroyed by
trypsin digestion, but was resistant to neuraminidase and a number of physical
procedures.
Addition of supernatants to NK assays against a number of different target cells
indicated that inhibition was restricted to certain target cells. This indicated that the
inhibition of NK cells was not non-specific, and that the antigens were not expressed
on all target cells. These studies provide a basis for further analysis of antigens
recognized by NK cells, and allow investigation of their role in vivo in tumour-
bearing hosts.
SEVERAL OBSERVATIONS have suggested
that the cytotoxic activity of natural
killer (NK) cells is based on interaction of
receptors on the NK cell with antigens on
the surface of the target cells. Studies on
the specificity of natural cytotoxicity
indicated that NK cells from individuals
exhibited different patterns ofcytotoxicity
against a range of target cells (Takasugi
& Mickey, 1976) consistent with inter-
action of receptors on NK cells with
different antigens on the target cells.
Further support for specific NK-target
cell interactions came from analysis of
specificity using competitive inhibition
with unlabelled target cells. These studies
showed that cytotoxicity could be in-
hibited by some but not all target cells
(Kiessling et al., 1975; Hersey et al., 1975).
Extensive analysis of the results of such
studies suggested that antigens detected
by NK cells were in some instances ex-
pressed on a wide variety of cultured cells,
whereas others were more restricted in
their distribution (Takasugi et al., 1977;
Ortaldo et al., 1977).
More direct evidence for binding of
receptors on NK cells to antigens on
target cells was obtained by visualization
of these interactions in target-cell-binding
assays (Roder & Kiessling, 1978). Results
from these studies suggested that antigens
recognized by NK cells were in several
restricted mol.-wt ranges, and included
determinants unique to particular tumour
cells as well as those which cross reacted
with a number of different target cells
(Roder et al., 1979).
In the present study, antigens recog-
nized by NK cells were defined by in-
hibition of NK activity in 51Cr-release
cytotoxicity assays. Supernatants from
cultured cells were used as the source of
such antigens. In this report we describe
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the isolation and characterization of a
glycoprotein detected in these assays
which appears to be shed into the super-
natants of two NK-sensitive cell lines.
MATERIALS AND METHODS
Cell cultures. - The human malignant
melanoma cell line iMI200 was obtained from
Dr J. Pope of the Queensland Institute for
Medical Research. The MCF 7 breast-
carcinoma cell line and the NC37 cell line
were from Dr R. Herberman and Dr R. Gallo
respectively, National Cancer Institute,
Bethesda. The Chang liver-cell line was from
Commonwealth Serum Laboratories (Mel-
bourne). The mouse myeloma NS-1 cells were
from Dr R. Atkins, Prince Henry Hospital,
Melbourne. Cell lines were grown in RPMI
1640 medium (Gibco, Grand Island, New
York) supplemented with 10% foetal bovine
serum (FBS) (Australian Laboratory Services,
Batch 87).
Culture supernatants for analysis of NK
inhibition activity were collected from cul-
tures that had been washed twice with 20 ml
of Hanks' balanced salt solution (HBSS)
(CSL, Melbourne) and incubated for a further
2 days in serum-free medium. Cell-free cul-
ture supernatants from MM200 and Chang
cell cultures were harvested by centrifuging
culture medium at 2000 g for 10 min. Super-
natants were concentrated 20-40-fold in an
Amicon ultrafiltration "Diaflo" cell using a
PM1O membrane (Amicon, Lexington, Massa-
chusetts) and filtered through a 0 45ttm
Millipore membrane.
Inhibition of natural killer (NK) cell
activity.-Assay of NK activity was carried
out as described previously (Hersey et al.,
1975). Effector mononuclear cells were ob-
tained from defibrinated venous blood of
normal volunteers by centrifugation on
Ficoll-Hypaque according to the method of
Boyum (1968).
51Chromium (51Cr) labelling of target cells
was carried out by incubation of 0-5-1 x 106
cells in 1 ml of RPMI+10% FBS with 0.1
mCi of Na251Cr 04 (New England Nuclear,
Boston, Massachusetts) for 2 h at 37°C,
followed by 3 washes with HBSS.
Culture supernatants were assayed for in-
hibition ofNK activity by addition of 100 ,ul,
at the dilutions indicated, to triplicate tubes
containing 3 x 105 effector cells in 200 il.
After 30 min at 20TC, 3 x 103 target cells in
200 ,ul were added and cultures incubated for
16 h at 37TC in 7%0 CO2 in air. Assays were
terminated by centrifugation for 7 min at
400 g and 250 ,ul of supernatant removed.
The percent 51Cr release was determined by
the formula:
2xa- 0% (a+b) x0
where a=ct/min in supernatant sample and
b=ct/min in tube containing cells plus re-
maining supernatant.
Spontaneous 51Cr release by target cells
incubated with medium alone was used as the
baseline, and was not significantly affected
by test samples.
Inhibition ofNK activity was estimated by
comparison of percent 51Cr release in the
presence of test samples, with reference to
medium controls. The statistical significance
of the differences in 51Cr release between
cultures with test and control samples were
determined by Student's t test. Inhibition was
always significant if51Cr release was less than
75% ofcontrol NK activity.
Preparative isoelectric focusing (IEF).-
Concentrated supernatant from cultures of a
total of 1-2 x 108 cells was dialysed against
distilled water, mixed with 4 g of Ultrodex
(LKB-Produkter AB, Bromma, Sweden),
2-5 ml each ofampholines pH 3*5-10 and pH
7-9 (LKB) and made up to 100 ml with dis-
tilled water. The gel slurry was dried to the
evaporation limit in a glass tray and run on
the LKB 2117 Multiphor (LKB) at 5TC, for
16-18 h with a constant power of 8 W. The
pH gradient was determined and the gel
divided to yield 15 fractions. The gel frac-
tions were mixed with 4-5 ml of cold phos-
phate-buffered saline, pH 7-3 (PBS) to elute
protein, and the gel removed by centrifuga-
tion. Dialysis of the fractions, against 150
volumes of 0.9% NaCl with 2 changes over
24 h, was required to remove carrier ampho-
lytes.
Gel chromatography.-IEF fractions con-
taining inhibitory activity were separated
according to molecular size using P-L
agarose 8% (P-L biochemicals, Milwaukee,
Wisconsin) in a column 15 x 90 cm (type K15/
90, Pharmacia AB, Uppsala, Sweden). Three
ml of sample was applied to the column and
eluted with PBS containing 0 02% sodiumINHIBITORS OF NK CELLS IN CULTURE FLUIDS
azide by upward flow at a rate of 20 ml/h at
4°C. 100 fractions of 2 ml each were collected
and their optical density (lem path) at 280
nm monitored. Pooled fractions were concen-
trated back to the original sample volume in
an Amicon "Diaflo" cell, and dialysed against
0.9% NaCl.
Lectin affinity chromatography.-Glycopro-
teins binding to wheat germ lectin (WGL)
were isolated from supernatants by affinity
chromatography on WGL bound to Sepharose
6MB (5 mg WGL/ml packed gel, Pharmacia).
One ml of concentrated supernatant was
applied to 10 ml WGL-Sepharose equilibrated
in HBSS at 4°C in a 0 9 x 15cm column (Type
K9/15, Pharmacia) and incubated at 4°C for
1 h. Unbound proteins were eluted with
100 ml of HBSS. Bound glycoproteins were
eluted with 50 ml of N-acetyl-/-D-glucos-
amine (NAG) (Sigma Chemical Co., St Louis,
Missouri) at a concentration of 25 mg/ml of
HBSS.
Similarly, I ml ofconcentrated supernatant
was applied to a column containing con-
canavalin A (Con A) (Sigma) bound to Affi-
Gel (Bio-Rad Laboratories, Richmond, Cali-
fornia) at a concentration of 10 mg Con A/ml
packed gel, and incubated for 1 h at 20°C.
Proteins not binding to Con A were eluted
with 100 ml of HBSS. Bound glycoproteins
were then eluted stepwise with 30 ml methyl-
cx-glucopyranoside (Calbiochem, San Diego,
California) at concentrations of 5, 50 and 100
mg/ml in HBSS.
Parallel separations ofcontrol RPMI+ 10%
FBS were carried out on WGL-Sepharose and
Con A-Affi-Gel. Each of the test and control
fractions was concentrated back to 1 ml by
ultrafiltration and dialysed against 0-9%
NaCl.
Enzymic treatment ofculture supernatants.-
One ml of the following enzyme solutions
in PBS was used to treat Iml aliquots of
Chang supernatant.
(i) 2-5 mg/ml trypsin (1:250, Difco Labora-
tories, Detroit, Michigan).
(ii) 0-01 u/ml Neuraminidase (Vibrio
cholerae, Calbiochem).
Treatment was carried out at 37°C for 30
min, followed by the addition of 1 ml FBS
and 50 ml of cold 0-8% NaCl. Mixtures were
then concentrated back to 1 ml on an Amicon
XM100 membrane. Controls were performed
where concentrated RPMI+ 10% FBS re-
placed Chang supernatant, and where PBS
replaced enzyme solution.
RESULTS
Inhibition of NK cell activity by culture
supernatants
The ability of Chang supernatant and
MM200 supernatant to inhibit NK cell
lysis of Chang and MM200 cells respect-
ively is illustrated in Fig. 1. Culture
supernatants from both cell lines ex-
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FIG. 1.-Inhibition of NK cell activity by
culture supernatants. (A) Inhibition by
Chang cell and (B) MM200 culture super-
natant. Control NK-cell lysis of Chang
target cells was 13-5 + 0.7% 51Cr release.
and of MM200 cells was 21-2 + 1-2%. Data
shown represent the mean of triplicates
(+ s.e.). * *, Control supernatant
from NS-1 myeloma cells.
hibited dose-dependent inhibition, while
culture medium from the NK-resistant
NS-1 myeloma cell cultures which was
collected andtreated as forthe MM200 and
Chang cell cultures contained no in-
hibitory activity.
The increase in inhibitory activity with
time in MM200 supernatant at a final test
dilution of 1:5, is shown in Fig. 2. In-
hibitory activity was evident only after
24 h of culture, and increased two-fold in
the next 24 h of culture. Inhibitory
activity was not detected in supernatants
from the NS-1 myeloma cells cultured
under similar conditions for 48 h.
Isolation of the inhibitingfactor
Preparative isoelectric focusing (IEF),
followed by gel chromatography of the
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FIG. 2.-Kinetics of production of inhibitory
activity. 2-5 x 106 MM200 cells were seeded
into each of 10 75cm2 culture flasks in
RPMI+ 10% FBS. At 1, 4, 8, 24 and 48 h
of culture, cell-free supernatants were col-
lected from pairs of flasks. Control medium
and culture supernatants were concentrated
10-fold by ultrafiltration before assay.
Control NK-cell lysis of MM200 target
cells was 21-6+1.1% 51Cr release.
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relevant fractions, was carried out with
both MM200 and Chang cell supernatants.
As shown in Fig. 3(a) peaks of inhibitory
activity with pls of 6-8-7-1 and 78-8&0
respectively were detected in MM200
supernatant.
Fig. 3(b) illustrates the results of the
corresponding experiment using Chang
supernatant. Only one peak of inhibitory
activity could be detected in Chang super-
natant. In 4 similar experiments, the mean
pl ( ± s.e.) was 7-2 + 0 3. A representative
gel chromatogram, from a P-L agarose 8%
column, of the latter inhibitory fraction is
shown in Fig. 4. Inhibitory activity was
recovered from protein peaks of mean
apparent mol. wt 125,000 (range 120-
135,000) in 3 such experiments. A similar
result was obtained when a sample of the
major peak of inhibitory activity from
IEF of MM200 supernatant (pl 6.8-7.1)
was separated on a P-L agarose column.
Inhibitory activity was recovered from
a fraction of apparent mol. wt 125-
140,000.
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FIG. 3.-Preparative isoelectric focusing of
culture supernatants. (a) MM200 super-
natant. Control NK lysis was 19-25 + 0-6%
51Cr release. Peaks of NK-inhibitory
activity localized at pH 6.8 and 7 9.
(b) Chang supernatant. Control NK lysis
was 17-6 + 0.6% 51Cr release. NK-
inhibitory activity localized at pH 7-2.
Lectin affinity chromatography of culture
supernatants
Chang supernatant and control medium
were passed over both WGL-Sepharose
and Con A-Affi-Gel columns. As shown
in Table I, inhibitory activity in the
supernatant was retained on the WGL-
Sepharose column and could be eluted
with N-acetyl-f-D-glucosamine (NAG).
Similarly, Chang supernatant inhibitory
activity bound to Con A-Sepharose and
was recovered in the 50- and 100mg
methyl-o-D-glucopyranoside (MGD)/ml
fractions. Any activity remaining un-
bound was bound when passaged a second
time over the column. These results sug-
gest that the inhibitory factor may be
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FIG. 4. Gel clhromatography of IEF-purifie(d
inhibitory factor from Chang supernatant.
Control NK lysis= 12-63 + 1-6% 511Cr
release. NK-inbibitory activity was pre-
(lominantly isolated in a fraction of
120-140,000 mol. wt.
glycoprotein, containing N-acetyl-3-D-
glucosamine and glucose.
Physicalproperties and enzymic treatment of
culture-supernatant inhibitory activity
The effects of various physical treat-
ments on the inhibitory activity of Chang
supernatant are shown in Table II. Freeze-
thawing twice and heating to 56°C for
30 min did not significantly decrease
activity. Exposure to 100°C for 2 min
completely abolished inhibition by the
supernatant. Inhibitory activity was non-
dialysable and stable from pH 3 0 to pH
7.3, but partially reduced by alkaline
treatment. Similar results were obtained
for the inhibitory activity of MM200
supernatant.
Aliquots of Chang supernatant and con-
trol medium were treated with trypsin and
neuraminidase. Inhibitory activity was
destroyed by treatment with trypsin,
while neuraminidase had no effect (Table
Fraction*
WGL-unbound
WGL 25 mgNAG/ml
WVGL unbound
WGL 25 mg NAG/ml
Chlang Con A unbound
Con A- 5 mg MDG/ml
Con A 50 mg MDG/ml
Con A 100 mg MDG/ml
Control
medium Con A-unbound
Con A 5 mg MDG/ml
Con A- 50 mg MDG/ml
Con A-100 mg MDG/ml
0/
Inhibition
of NK
activity
+ s.e.t
Ut
27+ 7
0
7 + 12
34+10§
0
24 + 15
98 + 13
0
0
0
13+4
* WGL= -Wheat germ lectin; NAG=N-acetyl-,B-
D-glucosamine; Con A =Concanavalin A; MDG =
Methyl-ox-D-glucopyranoside.
t Data slhown represent the mean of triplicates.
Fractions were tested at a final dilution of l.
t Control NK activity was 15-2 + 0.4% 51Cr
release .
§ Control NK activity was 13-5 + 0 80/ 51Cr
release.
II). Control medium identically treated
was not inhibitory.
Specificity of inhibition by culture super-
natants
To show that the reduction in NK-
mediated cytotoxicity by culture super-
natants was not due to non-specific in-
hibition, supernatants from Chang and
MM200 cells were assayed for their ability
to inhibit NK lysis ofa panel oftarget cells
using effector cells from 2 donors. As
shown in Table III, Chang supernatant
specifically inhibited lysis of Chang target
cells using E.M. effector cells. With A.E.
effector cells a cross-reactive pattern of
inhibition oftarget-cell lysis was obtained,
with the exception of the NC37 cell line.
Culture supernatant from MM200 cells
inhibited lysis ofMM200 and Chang target
cells, but not MCF7 or NC37 target cells,
for both effector cell populations. Control
medium was neverinhibitory. This pattern
of inhibition with the supernatants from
MM200 and Chang was seen in two experi-
n I - - - n
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TABLE II.-Physical and enzymic treatment
ofculture supernatants
Culture
supernatant Treatment
Chang Untreated
Freeze-thaw
(x 2)
56°C; 30 min
100'C; 2 min
Chang Untreated
Dialysed
pH 3*
pH 7-3*
pH 8-5*
Chang PBS
Trypsin
Neuraminidase
Control
medium PBS
Trypsin
Neuraminidase
Inhibition
of NKt
activity
+s.e.
41+25T
56+4
33+7
0
97 + 11
84+3
93 + 14
79+6
37+2
41+7§
9+7
64+9
0
0
0
% Loss of
inhibitory
activity
0
19
100
13
4
19
62
* The pH of Chang-S/N was adjusted by the addi-
tion of 0-1M glycine-HCl/01M NaCl (pH 3); PBS
(pH 7 3); and 0-IM Tris-HCl/0.5M NaCl (pH 8.5) and
incubated at 4°C for 1 h before dialysis against PBS.
t Data shown represents the mean of triplicates.
Fractions were tested at a final dilution of .
$ Control NK activity was 15-6 + 1-1% 51Cr
release.
§ Control NK activity was 13-2 + 1-0% 51Cr
release.
ments against NK cells from E.M. and
A.E.
Supernatants from MM200 and Chang
were tested for their inhibition antibody-
dependent cellular cytotoxicity (ADCC) to
Chang cells sensitized with rabbit antisera
and MM200 target cells sensitized with
several human antisera. Effector cells
from A.E. were trypsinized to remove NK
activity (Kay et al., 1977). In Table IV a
representative result using supernatant
from Chang-cell cultures is shown. No
inhibition of ADCC was found against
sensitized Chang cells orMM200 cells, even
though this supernatant inhibited NK
activity to Chang and MM200 cells com-
pletely. Supernatants from MM200 cul-
tures also failed to inhibit ADCC.
DISCUSSION
The above results suggest that the
neutral glycoproteins defined in the super-
natants of the MM200 and Chang cell
cultures in these studies were antigens
(more precisely cell-membrane structures)
recognized by NK cells, which were spon-
taneously shed into the culture medium.
Similar inhibitory activity was not identi-
fied in supernatants ofcells not susceptible
to NK cells. The fractions did not inhibit
NK activity against all the target cells,
which argued against their being non-
specific inhibitors of NK activity. Simi-
larly, it was found that the pattern of
inhibition of NK activity against different
target cells varied according to the donor
of the NK cells, and to the source of the
glycoprotein fraction. These results were
consistent with blockade of antigen re-
ceptors on the NK cells. Further evidence
against non-specific inhibition by these
TABLE III.-Specificity of inhibition of NK activity by culture supernatants
Donor
ofNK - % Inhibition +s.e. of target-cell lysis*
_ k~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
cells Chang
E.M. 52+ 7
(15 + 2)t
A.E. 55+4
(12+ 1)
E.M. 51+10
(11 + 1)
M.F. 49+ 17
(13+1)
MM200 MCF-7 NC37
0
(20 + 1)
100+ 24
(10± 1)
48+5
(25± 2)
59+5
(18± 1)
0
(21 + 3)
64+3
(28 + 2)
15-4 + 0-2
(24 ±2)T
0
(27+3)
0
(37± 2)
0
(20± 1)
N.T.§
N.T.
* Data shown represent the mean of triplicates assayed for inhibition at a final dilution of A.
t Figures in brackets represent the control NK lysis of target cells (mean of quadruplicates s.e. % 51Cr
release).
t Not significant.
§ Not tested.
Culture
supernatant
Chang
MM200INHIBITORS OF NK CELLS IN CULTURE FLUIDS 11
TABLE IV.-Effect of Chang supernatant on ADCC
ADCC in presence of
Baseline supernatant at final
51Cr dilution of
Target release Sensitizing
cell (%) antibody ADCC* 1/5 1/10
Chang 36-5+1-0 Rabbit 37 + 4 38+1 43 + 2
anti-Chang
MM200 42-4+1-9 Let 16+3 17+1 19+4
MM200 42-4+1-9 Ost 14+1 16+3 17+4
MM200 42-4+1 9 AEt 21+2 19+2 24+1
* % 5lCr release above baseline release from 3 x 103 target cells plus 3 x 105 trypsinized effector cells
(equivalent to that from target cells alone). No suppression of baseline was seen after the addition of super-
natant to unsensitized target cells.
Antisera from human melanoma subjectst and a normal subject: at final dilution of 10-2.
fractions was their lack of inhibition
antibody-dependent effector (K) cells in
assays against sensitized melanoma or
Chang cells. NK and K cells are believed
by some workers (Herberman et al., 1979)
to be identical, and if this is so these
results could be taken as further evidence
that the fractions had no non-specific in-
hibitory activity against NK cells.
Although extensive analysis of the
specificity of the inhibitory fractions has
not yet been done, it was apparent that
the antigens in the supernatants had
different specificities in these inhibition
assays. Hence supernatants from the
Chang cell cultures produced inhibition of
NK activity of one donor against Chang
cells but not against the MM200 target
cell, whereas the supernatant from the
MM200 blocked NK activity against both
target cells.
In neither instance was there evidence
of extensive cross reactivity of these anti-
gens with those on other tumour cells, in
that NK activity against lymphoid and
breast-carcinoma cell lines was not in-
hibited. These results may be at variance
with those of Roder et al. (1979) who
found that a fraction of similar size
(140,000d) in cell-membrane extracts
showed extensive cross reaction with
antigens on various target cells in visual
assays of target cell/NK binding. By con-
trast, a larger (240,000d) fraction appeared
to have specificities unique to particular
target cells. In the present studies in-
hibitory activity was not identified in
mol. wt fractions of the latter size in
culture supernatants. This may reflect the
different target cells used in our studies,
or it may indicate that these antigens are
not released into culture supernatants.
Spontaneous shedding of cell-surface
macromolecules in vitro is now well
recognized (Bystryn 1977; Grimm et al.,
1976; Leong et al., 1978). If similar shed-
ding of NK antigens occurs in vivo, it is
conceivable that this may inhibit the
activity ofNK cells in the host and hence
be of biological significance in facilitating
tumour growth. Production of antisera
against these antigens may facilitate their
detection in tissue fluids and determine
whether their presence in the circulation is
related to the biological behaviour of the
tumour in the host.
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